A Feulgen staining procedure that stains the DNA of individual fixed nuclei stoichiometrically was used to analyse cytophotometrically the incidence of total ploidy and mixoploidy in 28 day-7 bovine embryos that had been fixed after collection ('non-cultured' embryos 
Introduction
The usual rate of survival to term after transfer of a single bovine embryo is approximately 60% (Greve and Del Campo, 1986) . This is similar to the percentage that is observed after spontaneous ovulation and artificial insemination (Sreenan and Diskin, 1986) . Most of the embryos that do not result in a preg¬ nancy are lost during the first 3 weeks of gestation (Sreenan and Diskin, 1986; Kastelic et al, 1991) . It is assumed that these losses occur predominantly between days 15 and 18 after oestrus (Sreenan and Diskin, 1986) . One of the possible reasons for loss during the preimplantation phase is the presence of chromosome abnormalities in the embryo (reviewed by King, 1990) . Of the chromosome abnormalities that have been found in embryos, mixoploidy (for example diploidy-haploidy, diploidy-triploidy) is the most commonly observed (Kind, 1990) . Mixoploidy has been found more often in embryos that were morphologically abnormal than in embryos that were morphologically normal (King et al, 1987 (King et al, , 1988 in cows. Gonadotrophins, which are used for superovulation, may increase (Long and Williams, 1980) or decrease (Murray et al, 1986b ) the frequency of these aberrations. In addition, culturing the embryos may increase the number of polyploid cells (Barlow and Sherman, 1972; Johnson and Rossant, 1981) .
The cytogenetic evaluation of embryos by chromosome analysis encounters two major problems. First, few cells are in mitosis, even when a metaphase blocker is used (King et al, 1979; Singh and Hare, 1980; Rottman, 1981 Second, the occurrence of hypodiploid cells has to be inter¬ preted with caution, as chromosomes can be lost during slide preparation (Murray et al, 1985; King et al, 1988; King, 1990 ).
In the study reported here these two problems have been overcome by measuring quantitatively the DNA content of the individual interphase nuclei. A similar approach has been used for embryos of other species (mouse: Barlow and Sherman, 1972; Rossant and Tamura-Lis, 1981; Molls et al, 1982; Bolton et al, 1984; Chrisholm, 1988;  human: Angeli et al, 1983 ; O'Rand et al, 1986; rabbit: Fischer and Schumacher, 1991 (Duijndam et al, 1980a, b) . Glare is almost negligible (Duijndam et al, 1980a, fibroblasts (Fig. la) ). However, completely abnormal DNA values were found in two of the 52 embryos studied (3.8%).
One embryo was completely haploid (Fig. lc) , whereas the other embryo was completely triploid (Fig. Id) (Fig. 2a) , and the triploid embryo as a fair compact morula (Fig. 2b) . The triploid embryo had been cultured for 24 h, and developed during this period into a morphologically normal blastocyst (Fig. 2c) (Table 2) . However, the percentage of hypodiploid nuclei was significantly lower in the group of 'cultured' embryos than in the corresponding group of 'noncultured' embryos. Although the percentage of hyperdiploid nuclei tended to be lower in the group of 'cultured' embryos than in the group of 'non-cultured' embryos, this difference was not significant.
Discussion
In the study reported here the 2C DNA values of the embryos showed a 10% variation compared with those of bovine fibro- (Iwasaki et al, 1989) and in porcine (Van der Hoeven et al, 1985) and ovine (Murray et al, 1986b) embryos developed in vivo, a low inci¬ dence of total haploidy has also been observed. Conversely, in human (Angeli et al, 1983) and murine (Whittingham, 1980; Kaufman, 1985; Surani et al, 1987) embryos, complete haploidy, which is thought to be the result of the parthenogenetic activation of the oocyte, occurs more frequently.
The low incidence of triploidy observed here is in agreement
with the results of studies in rabbits (Fujimoto et al, 1974), sheep (Murray et al, 1986b) The observed incidence of hyperdiploid nuclei was, in general, higher than reported for mouse (Varmuza et al, 1988), pig (Moon et al, 1975; Van der Hoeven et al, 1985; Long and Williams, 1982) , sheep (Murray et al, 1986a) and cow (Hare et al, 1980; King et al, 1987 King et al, , 1988 embryos after chromosome analysis.
In contrast to the present study, hypodiploidy in embryos developed in vivo has been reported only with regard to either monosomy (Long and Williams, 1980; King and Linares, 1983;  Murray et al, 1985, 1986a) (Sarto et al, 1982; King, 1990 In general, the presence of hyperdiploid nuclei has been regarded as a normal developmental characteristic (Barlow and Sherman, 1972; Copp, 1978; Hare et al, 1980; Rossant and Tamura-Lis, 1981; Surani and Barton, 1984) . In previous studies, it has been suggested that the occurrence of polyploidy may be associated with culture conditions (Barlow and Sherman, 1972; Johnson and Rossant, 1981 (Kirszenbaum et al, 1990) .
